EXERCISE-INDUCED ST-segment elevation is an abnormal response which appears in association with 1,2 ventricular aneurysm, 2 severe ischemic heart disease3 4 or variant angina.5-10 In the variant form of angina pectoris" the role of coronary artery spasm is well established;5' 10, 12-16 but it is not yet clear whether it may also play a role in exercise-induced angina and ST-segment elevation. In this paper we present four patients with spontaneous and exercise-induced STsegment elevation. In these patients we demonstrated that spasm was the pathogenetic mechanism of exercise-induced angina and related electrocardiographic changes.
EXERCISE-INDUCED ST-segment elevation is an
abnormal response which appears in association with 1, 2 ventricular aneurysm, 2 severe ischemic heart disease3 4 or variant angina. [5] [6] [7] [8] [9] [10] In the variant form of angina pectoris" the role of coronary artery spasm is well established;5' 10, 12-16 but it is not yet clear whether it may also play a role in exercise-induced angina and ST-segment elevation. In this paper we present four patients with spontaneous and exercise-induced STsegment elevation. In these patients we demonstrated that spasm was the pathogenetic mechanism of exercise-induced angina and related electrocardiographic changes.
Subjects and Methods
Four patients suffering from variant angina and no previous myocardial infarction had exercise-induced ST-segment elevation. The clinical history and the results of the exercise test and coronary angiography are briefly described (see Case Report section). The patients were asked to perform a multistage bicycle exercise test in the supine position with an initial work load of 50 watts and subsequent increments of 25 watts every 3 minutes. A 12-lead ECG was obtained before and at termination of the exercise and at each minute during recovery. Leads V4, V5, V6 were monitored during exercise and recorded on paper every 30 seconds. The patients were exercised to symptomatic end points: typical anginal pain, dyspnea or exhaustion. After premedication with 10 mg of diazepam, coronary arteriography was performed using the method of Sones. In three patients ( fig. 3) . Case 4 A 46-year-old man suffered from spontaneous attacks of chest pain occurring when he awoke in the morning or when he was relaxing at night for a period of 1 week. He did not mention episodes of exertional chest pain. Physical examination revealed a blood pressure of 120/70 mm Hg. The heart rate was 68 beats/min, with regular rhythm; there were no abnormal cardiac findings. His ECG on admission was normal. During the spontaneous episodes the ECG showed ST-segment elevation from V2 to V6. Episodes of ischemia unaccompanied by pain were also noted. The exercise test was interrupted at 150 W because of chest pain (heart rate 144 beats/min) and ST-segment elevation was observed in leads V2 to V6. A second exercise test performed 3 days later caused the same electrocardiographic changes. Cinecoronary arteriography revealed a significant narrowing (75%) of the left anterior descending artery and a normal right coronary artery. Left ventriculogram showed normal myocardial contractility. Coronary arteriograms during exercise-induced pain with ST elevation in leads V2 to V6 revealed more severe narrowing (99%) of the left anterior descending artery with slow progression of the contrast medium and distal occlusion of the artery. The pain was relieved and the spasm subsided immediately after sublingual nitroglycerin ( fig. 4 ).
Discussion
The ST-segment elevation during the pain of variant angina has been observed to occur at rest5' 1' and, less frequently, during effort.3' 4In 1972 we reported four cases of exercise-induced ST-segment elevation. 4 In those patients coronary arteriography revealed a high-grade stenosis in the artery supplying the area of the myocardium expected to be ischemic by the electrocardiographic alterations during effort. Severe atherosclerotic changes of the coronary arteries were also found by Fortuin and Friesinger3 in 11 out of 12 patients in whom this abnormality was observed. Most of those patients did not present spontaneous attacks of pain associated with ST-segment elevation. This electrocardiographic abnormality triggered by exercise was regarded as a characteristic feature of severe ischemic heart disease. However, in the variant form of angina pectoris exercise-induced ST-segment elevation has been reported in patients with and in those without coronary atherosclerosis.6 10 It is well-known that coronary arterial spasm is primarily responsible for the spontaneous attacks of pain associated with ST-segment elevation,5 10e 12-16 but it is not clear whether it can account for the electrocardiographic abnormality provoked by exercise.
In our patients exercise-induced ST-segment elevation occurred during (cases 2 and 4) or just after the exercise period (cases 1 and 3) . In any case, our patients exhibited ST elevation repeatedly on subsequent exercise tests, demonstrating that the phenomenon was reproducible. In three patients we could perform coronary arteriography during electrocardiographic changes induced by the exercise test. In all cases we demonstrated a vasospastic occlusion of the lumen of a major coronary artery. We believe this is 'N_rL r <1I -%4 -, f-r J . . .
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